June 3, 1952 

Filed Dec. 8, 1950 

R. H. CAMPBELL, JR., ET AL 
KEYING DEVICE FOR ELECTRONIC ORGANS 

2,599,510 

3 Sheets-Sheet I 

ATTORNEYî_ 



June 3, 1952 

Filed Dec. 8, 1950 

R, H. CAMPBELL, JR., ET AL 
KEYING DEVICE FOR ELECTRONIC 0RGANS 

2,599,510 

3 Shee{s-Sheet 2 

INVENTOR 

BY  v 
« ATTORNEY,5 



June 3, 1952 

R. H. CAMPBELL, JR., ET AL 
KEYING DEVICE FOR ELECTRONIC 0RGAN 

2,599,510 

Filed Dec. 8, 1950 

3 Sheets-Sheet 3 



Patented June 3, 1952 2,599,510 

UNITED STATES FATENT OFFICE 

2,599,510 
KEYING DEVICE FOI ELECTRONIC OIGANS 
Richard H. CampeH, Jr., Wetïninster West, and 
George H. Haddn, West Dummerston, Vt., as- 
signors fo Minshall-Estey Organ, Inc., rattle- 
boro, Vt., a corporation of Verm0nt 
Application Dcceïner 8, 195, Seria! 10. 199,8i2 
7 Claires. (CI. --1.1) 
1 
This invention relates fo signal Switching ap- 
paratus for use in electrical musical instruments. 
An object of this invention is fo provide an 
improved signal swifching device which may be 
manufactured efficiently and economically and 
which incorporafes resistance circuit elemenfs as 
part of fhe structure thereof. 
Another object o this invention is fo provide 
an improved signal switching device constructed 
so that if may be màde with considerab!e saving 10 
of space and assembly lab0r. 
Another object Of this invention is fo provide 
an inexpensive sWifching device incorporating 
associafed circuit components in such a manner 
as fo obviate viring which would otherwise be 
necessarY. 
Another object Of this invention is fo provide 
a switching" device hàVing a physical arrangement 
such that considerable shunt capacitance is in- 
troducèd between certain parts thereof. 20 
Still an0ther object of this invention is fo pro- 
ridé a Witching device employing electrical im- 
pedahë spacers having a high dielectric con- 
Stant So as t0 povide electrical capacitance be- 
tweèn the spaCed parts. 25 
An0ther object of this invention is fo provide 
a Witching device or normally grounding the 
circuit betwèen a source of oscillations and the 
load, this circuit consisting of a pair of spacers 
of resistance maegial contacing an intermediate 30 
leaf o ttie switching device that is gromded. 
Othe? and fflrttièr objec%s of this invention wil! 
bê apparent fo ttiose skilléd in the art fo which 
if relates from the following specification, claires 
and drawing'. 35 
in accordaiie With this invention there is pro- 
vided an elctrïal switching device adapted for 
use with electriai musical instruments wherein 
a iiï]bëï" of SOUrCes of electricàl oscillations of 
.musical fï'élUenCy äre continiiously operative. 40 
This wiching device may be actuated by man- 
UaI or pedal leys and is coflstructed with spacers 
of lëîsanCe material between one of the switch 
contact lëaves ahd the metal lugs connecting the 
sWitCh tö the source f electrical oscillations and 45 
t0 the load circuit. 
Fiirther details of this invention are set îorth 
in the following speCification and drawing in 
Which briefly: 
Flguge 1 is a scheinatiC wiring diagram of a 50 
circuit arrangement With which switching 
Vices of this invention may be employed; 
Fiïre 2 is a side view of an embodiment of 
this switching device; 
Figure 3 is a plan view of one of the metal 55 
iliserts fr the switch stack; and 

Figure 4 is a view of a further embodimént of 
this invention showing a plurality of the switch 
devices connected together. 
This invention relates more particularly fo 
a signal switching device adapted for ue in the 
switching circuit disclosed and claimed in co- 
pending application of lichard H. Campbell, Jr., 
Serial.No. 205,689, filed January 12, 1951. 
In the circuit diagram shown in Figure 1, thrèë 
sources  {},  , and  2 that supply electrical oscil- 
lations of musical ïrequencies are shown. The 
source  0 produces the musical frequency C  261.6 
C. P. S.; the source  produces the frequency 
C  277.2 C. P. S.; and the source 2 produces 
the frequency C 2 523.2 C. P. S., ah octave above 
the frequency C . If will be apparent that dif- 
ïerent numbers of such sources may be employed 
as will be necessary fo cover thë desired musical 
range. The output terminals 3, 4 and  of 
the sources 8,  and 2 are connected together 
fo the ground . The terminals , 8 and  
of the sources {},   and 2 respectively, arè the 
high potential output terminals of these sourcês 
as opposed fo the terminals 3, and  Which 
are grounded. The output terminal  Of the 
source ;] is connected fo one terminal oï eaeh 
of the high impedänce resistorS 2{} and 2. IAke- 
wise, the output terminal 8 of the source  is 
connected fo a terminal of each of the high fin- 
pedance rèsistors 22 and 23 and the teriinal 
9 of the source 2 is connected fo a terminal 
oï each oî the high impedance resistors 2 and 2. 
The other terminals 26, 2, 28, 29,  and  of 
the resistors 20, 2 I, 22, 23, 2 and 25, 2espeCtive- 
ly, are connected fo one sidé of the normally 
closed switches or keys 32, 33, 34, 35, 36 änd  
respectively. The other sidès of all of ttiese 
switches or keys are connected t0 the wiré 4 
which is grounded rb the saine gbnd as ttië 
wire  . 
The termina]s 2, 2], 28, 29, 30 and 3 are 
alto connected fo one side of each of the resistors 
$, 9, 4, 1, 2 and ,3 2espectivel. The other 
sides of the resistors 8, 40 and 2 are connected 
together fo the 0utput c0nductor 45 and the other 
ide of the resistors .29, 1 and 43 are connected 
together fo the output conductor 6. These out- 
pu conductors , and  are connected fo the 
output terminals  and . The other output 
.terminals 9 and } of the output circuits are 
connected by the wire 5 to ground which in this 
case is the saine ground as that fo which the 
wircs  and  are connected. Different num- 
bers of output conductors such as conductors 5 
and  may be employed and coupled fo the 
sources through additional resistors such as resis- 
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tors 2 and 8. These additional resistol"s may 
also be connected fo ground through a key such 
as the key 32. 
In this arrangement the impedances 
4, 42 and 43 prevent the various inputs fo the 
common output circuits 45 and 4 from shunting 
each other excessively while the lmpedances 28, 
2, 2, 3,  and 5 prevent the output circuits 
connected to the sources ,   and  from over- 
loading any of these sources. 
If wfll be observed that the impedances  and 
. are connected across the output of the source 
9 throuh the normally closed switches or keys 
32 and 33 respectively. Likewise, the impedances 
 and 3. are connected across the source 
through the normally closed switches or keys 
and 3 respectively, and the impedances 24 and 
 connected across the output of the source 
through the normally closed switches or keys 
and 3 respectively. These switches are thus 20 
normally at ground potential and prevent the 
transmission of sinals fo the output circuits 
and 4G because these switches effectively ground 
the signal receiving terminals 
and 3 of the resistors 9, 35, 
respectively. 
 When it fs desired fo transmit signals from 
the sources 9,  and 2 fo the output circuits 
4 and 4 the appropriate keys of the group of 
keYs 3, 33, 34, 35, 3 and 3 fs opened fo permit 0 
the desired signal fo pass from the source fo the 
output circuit. Thus, if it fs desired fo transmit 
a signal from the source 8 fo the output circuit 
$, the key 32 fs opened removing the ground 
connection from the terminal 
voltage may be applied to the circuit 4G from 
the source terminal  through the impedances 
29 and 33 connected in serres. In a similar man- 
ner signal voltage may be applied through the 
impedances  and 49 fo the output conductor 40 
4 simply by opening the key . In the case of 
the source  signal voltage therefrom may be 
applied to the output circuit 4 through the 
impedances 4 and 4 by openin the key 
Signal voltages from the sources 
may be applied fo the output circuit 45 selectively 
by opening the keys 33, 5 and 3 respectively. 
In this embodiment, the switches 32, 33, 34, 
$5, 35 and 3 are actuated by the playing keys 
of the musical instrument. Switches 
are co-actuated by the C key of the instrument, 
so as to control respectively the fundamental or 
8' pitch signal and the octave or 4' pitch signal 
of the C  key. Likewise the switch 33 controls 
the 4' pitch signal of the C key, while another 
switch (not shown), co-actuated with the switch 
33 y the C key, controls the 8' pitch signal of 
that key. The other switches of the instrument 
are actuated in like manner by the various play- 
ing keys of the instrument. 60 
In this circuit arrangement the electrostatic 
capacities of the switches 3, 33, 34, 35, 3 and 
3 have no tendency fo introduce signal leakage 
between the sources and the output or load cir- 
cuits 4 and 45 since one side of the switch fs 
connected to ground. Also, signals are trans- 
mitted between the sources and the load circuits 
when the switches are open so that signal leak- 
age across the switch would be of no consequence. 
Furthermore, signal leakage in this apparatus 70 
can be virtually eliminated by arrangin the 
comportent parts physically so as fo minimize 
the capacitance between the points A and B. 
In Figure 2, there fs shown a physical embodi- 
ment of the switching device and coupling cir- 

4 
cuit constructed according to this invention. In 
this figure only one switching unit connecting a 
source, such as, the source 8 to an output cil'- 
cuit, fs illustrated. However, if will be under- 
stood that as many switching units of the type 
shown in Figure 2 as fs desired may be employed 
in the circuit arrangement shown in Figure 1. 
Further, it will be understood that two or more 
switching units of the type shown in Figure 2 
may be mounted, one above another, in a sinle 
stack as shown in Figure 4 and described herein- 
after. In the latter case, each of the switches 
in one stack will be co-actuated by a single play- 
ing key. 
The source I has its terminal Il connected 
to the metal insert 51 of the assembled stack 
of the switching device. A plan view of this 
insert - fs shown in Figure 3. An insulation 
spacer  is positioned on the top of the metal 
insert 51 and a high resistance electrically con- 
ductive spacer 5 fs positioned on the bottom of 
the insert 2. This resistance spacer 5 corre- 
sponds to the resistance unit 2 shown in Fiz- 
ure 1. 
On the top of the insulation spacer 54 fs posi- 
tioned the switch contact leaf  which fs con- 
nected fo ground and which supports an electri- 
cal contact 5 that corresponds fo one of the 
contacts of the switch 3- shown in FoEgure 1. The 
other contact 3 corresponding fo the other con- 
tact of this switch 32 fs supported by the switch 
contact leaf 59 that fs positioned on the bottom 
of the conducting spacer 5. The connection 
between the leaf 59 and the bottom of the resist- 
ance spacer 5 corresponds to the point  of 
the circuit shown in Figure 1. 
Below the leaf 59 fs positioned the spacer 
which fs also of electrically conductin material 
and the resistance of this spacer  corresponds 
to the resistance element 39 of Figure 1. The 
bottom of the spacer 69 fs connected fo the insert 
6  which fs connected to the output terminal 
that corresponds to the terminal 43 of Figure 
Additional insulation spacers  and 63 are pro- 
vided fo the top and bottom, respectively, of'the 
stack 53 and the stack may be held together by 
suitable machine screws S4 that are positioned 
in the holes folTned in the stack. However, the 
inserts 5 and S, the leaves 5 and 59 and the 
resistance spacers 55 and  are insulated from 
these screws 4 by providin suitable spacin or 
sleeving therebetween. 
Contacts 5 and  of the switch device al'e 
normally closed. However, the circuit of these 
contacts may be opened by applying a suitable 
actuating force to the end S5 of the leaf 5 so 
as fo more this leaf upward. By providing a suit- 
able leverage or linkage between several switches. 
such as the switch shown in Figure 2, a number 
of such switches may be opened at the same rime. 
Furthermore, the resistance spacers 55 and 
may consist of a cote of insulation material and 
the electrically conductive high resistance mate- 
rial may be painted or printed on the surface of 
these spacers, each of said painted or printed 
resistors being arraned fo pass through a hole 
in the spacer or around the edge thereof, and 
bein insulated, except at ifs end points, by suit- 
able lacquer or other material, so that the end 
points only make contact with the surfaces of 
the inserts 5 and 6  and the leaf 59. In addition, 
the resistive spacers 5 and 9 may be replaced 
by insulating spacers of high dielectric constant 
if it fs desired fo use capacitive impedances for 
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the impedances 23, [, 22, 23, 24 and 25 and 35, 
3, 43, 4[, 42 and 43 of Figure L 
Where resisve rather than capucitive spacers 
are used, a certain amount oZ shunt capucitance 
wfll none the less be prescrit due to the physical 
arrangement of the resistive material between 
parullel conductors. Such capactnce is desir- 
ble since it will compensate for the tendency, 
otherwise resent, wherein the cuacitance 
tween switoh contact, when open, shts some 
of the higher ffequency components of the sial 
md reduces the tonal brilliance. 
If should be noted thut the ruera1 inserts, insu- 
!ting spacers, and switch leves nd contacts 
shown in Figure 2 and described herein my be 
mde oç standard design and manufcte to 
reduce the cost thereoï nd ïcfltte ssemby. 
In gure  there s shown  rer vew of three 
switch stacks 65, 67 and 8 similar fo the stack 
 of Figure 2 but containing two co-actuted 
switches in ech stck, nd orming a portion of 
 set of switch stocks s used in an electrical 
musica1 instrument. Certain points in these 
stocks are connected together by suitable shim 
mteria1 running through the stocks. 
swiches of stack G are actuated by the C  key 
of the instrument, those of stack 6 by the C  
key, nd those of stck 68 by the C key. The 
stack 65 consists of e top insertion sRcer , 
 coecting shim  that runs throh all of 
the stacks $, G and 68 tht is connected to 
grounded conductor b which corresponds fo 
the grund connection  shown in Figure 1. Next 
fo the shi ?i is the switch contact leaf  cor- 
responding fo the lef  of Figure 2 nd below 
this is positioned the insulution sRcer ?$ which 
corresDonds fo the spcer 4. Below the sRacer 
 is the meul inse  at is connected to. the 
terminal i  oï the source [ . The high resistance 
e!ectrically conductive sRcer ? corresponding fo 
the spcer 55 of Figure 2, is Rositioned below the 
insert ?- and the bottom of this resistunce spacer 
tests on the contact lef 76 that corresponds fo 
the leï 9 of igure 2. High resistnce spcer 
7ç coïresponding to the spcer  of gure 2 is 
çosit!oned below the leaf 6 and above the insert 
. e insert 8 is positioned in contact with 
the shim 79, which extends through 11 the stocks, 
constituting the rst collector b of e 
ment, nd which is connected fo e output ter- 
minet  correspending fo the rminal 8 o 
igure I. 
Below the connecGng shim  in the stack 6 
is an insulting spcer a and  second switch- 
ing unit comRrising  grounded connecting shim 
[a in contact with the switch leï a, the in- 
sulating spacer a, the metal insert a con- 
necd to the terminal I$ of the C: 523.2 C. P. S. 
source [, the high resistance spcer la, the 
switch leaï a, the resistance spacer ?a, the 
metal insert ?Sa in contact with the connecting 
shim a which constitutes the second collector 
bus of the itrument and which is connected to 
the output terminal  corresponding to the ter- 
minal  of gure 1, and the bottom insating 
spacer lb. This second switch corresponds fo 
the switch 3 of Fire 1. 
The next stck 6 is siffler fo the stuck  
and consists of the top insertion spacer 8, the 
groded sh li contacting the leaï 82, the 
sation spacer 8, the metal insert 8 connected 
 the source l l, the high resistance sDacer 8, 
the switch leï 8, the high resistance spcer 
the metal insert 8, the metal shim $ which is 
connected fo the output terminal 45 correspond- 

6 
ing to the terminal 48 of Figure 1, and the insu- 
lation spacer 
Below the shtm 79 in the stack 67 is an insu- 
lating spacer $[}OE and a second switching unit 
 5 comprising the grounded connecting shim 7la in 
contact with the switch leur 82a, the insulating 
spacer 83a, the metal insert 84a connected to 
the C#  oscillation source (not shown), the high 
resistance spacer 85a, the switch leaf 86a, the 
10 resistance spacer TOE, the metal insert Sa in con- 
tact with the connecting shim 79a and the insu- 
lation spacer $30. 
The stack 60 is similar fo the stacks $ and 
and consists of the insuiation spacer 3, the 
15 grounded shim 7 [, the switch leaf 92, the insuta- 
tion spacer 33, the metal insert 4 that is con- 
nected to the terminal [3 of the source [2, the 
high resistance spacer 3, the svitch leaf 95, the 
high resistance spacer 97, the metal insert , 
20 the metal shim fi that is connected fo the output 
terminal 8 and the insulation spacer a. 
Below the shim 73 in the stack 6 is an insu- 
lating spacer 3Da and a second switching unit 
comprising the grounded connecting shim ][a in 
25 contact with the switch leaf 92a, the insuiating 
spacer 33a, the metal insert 34a connected fo the 
oscillation source supplying the frequency C 
1046.4 C. P. S. (not shown), which is one octave 
above the frequency of the C source [, the high 
30 resistance spacer 3a, the switch leaf a, the 
resistance spacer 3'7a, the ruera] insert 98a in 
contact with the connecting shim 7a and the 
insuiation spacer 9b. 
Of course, it wilI be observed that any number 
35 of these stacks may be positioned side by side 
as shown in Figure 4 and interconnected by suit- 
able shims fo complete the desired circuit 
tween the stacks so as fo make uP the complexe 
switch control of an electric organ. Further- 
40 more, the high resistance spacers of the stacks 
66, 67, and 68 may be replaced by suitable di- 
electric material if it is desired fo replace these 
spacers with capacitive impedances. 
By employing the shims for interconnecting 
45 the various stacks further simplicity in con- 
structing the unit is achieved and these shims 
may be produced by stamping corresponding 
ruerai parts for the several adjacent stacks from 
a single piece of sheet metal. 
50 While we bave described certain embodiments 
of this invention in detail, if is not desired fo limit 
this invention to the exact details shown and de- 
scribed except in so far as they may be defined 
by the claires. 
55 We claire: 
1. A signal switching device for use in elec- 
trical musical instruments comprising a source 
electrical oscillations of musical frequencies, a 
load circuit for converting the electrical oscflla- 
60 tions from said source into musical sound vibra- 
tions, a keying device having a pair of conduct- 
ing members, a pair of spacers of resistive mate- 
rial positioned between said members, a switch 
contact leur between said pair of spacers of re- 
65 sistive material, a second switch contact leaï, 
normally closed contacts supported by said leaves, 
connections for connecting one of said members 
to said source of oscillations and the other of said 
members fo said load circuit and connections for 
70 grounding said second switch contact leaf so that 
said first mentioned switch contact leaf is 
grounded fo prevent the transmission of elec- 
trical oscillations from said source to said load 
circuit until said normally closed contacts are 
75 opened. 
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2. A signal switching device for use in elec- 
trical musical instruments comprising a source 
of electrical oscillations of musical frequencies, 
said source having a high impedance output cir- 
cuit, a load circuit for converting the electrical 
oscillations from said source into musical sound 
vibrations, a keying device having a pair of con- 
tact supporting leaves, means for grounding one 
of said leaves, a pair of members of resistive ma- 
terial positioned one on each side of the un- 
grounded one of said leaves, normally closed 
contacts supported by said leaves to prevent the 
transmission of electrical oscillations from said 
source to said load circuit, and means for opening 
said normally closed contacts to permit trans- 
mission of electïical oscillations to said load 
circuit. 
3. A signal switching device for use in elec- 
trical musical instruments comprising a source 
of electrical oscillations of musical frequencies, 
a load circuit for converting the electrical oscil- 
lations from said source into musical sound vi- 
brations, akeying device having a switch con- 
tact leaf, a pair of conducting members of high 
l'esistance material, one of said members posi- 
tioned on one side of said leaf and the other of 
said members positioned on the other side of 
said leaf, means for connecting one of said 
members to said source of oscillations, means 
for connecting the other of said members to said 
load circuit, normally closed contact means for 
grounding said switch contact leaf to prevent 
the transmission of electrical oscillations from 
said source to said load circuit until said nor- 
mally closed contact means is opened. 
4. A signal switching device for use in elec- 
trical musical instruments comprising a source 
of electrical oscillations of muscial frequencies, 
a ]oad circuit for converting the electrical oscil- 
lations from said source into musical sound vi- 
brations, a keying device having a switch con- 
tact leaf, a pair of impedence elements, one of 
said impedance elements positioned on one side 
of said leaf and the other of said impedance 
elements positioned on the other side of said 
leaf, means for connecting one of said imped- 
ance elements fo said source of oscillations, 
means for connecting the other of said imped- 
ance elements fo said load circuit, normally 
closed contact means for grounding said switch 
contact leaf to prevent the transmission of elec- 
trical oscillations from said source fo said load 
circuit until said normally closed contact means 
is opened. 
5. A signal switching device for use in elec- 
trical musical instruments comprising a source 

8 
of electrical oscillations of musical frequencies, 
said source having a high impedance output cir- 
cuit, a Ioad circuit for converting the electrica! 
oscillations from said source into musical sound 
5 vibrations, a keying device having a pair of con- 
tact supporting leaves, means for grounding one 
of said leaves, a pair of spacer members posi- 
tioned one on each side of the ungrounded one 
of said leaves, a coating of high resistance elec- 
10 trically conducting material for said spacer 
members, normally closed contacts supported by 
said leaves to prevent the transmission of elec- 
trical oscillations from said source fo said load 
circuit, and means for opening said normally 
15 closed contacts to permit transmission of elec- 
trical oscillations fo said load circuit. 
6. A signal switching device for use in elec- 
trical musical instruments comprising a source 
of electrical oscillations of musical frequencies, 
20 a load circuit for converting the electrical oscil- 
lations from said source into musical sound 
brations, a keying device comprising a switch 
contact leaf, a second switch contact leaf, spacer 
means of resistive material fol" supporting at 
25 least one of said contact leaves, contacts sup- 
ported by said leaves, and connections for con- 
necting one terminal of said keying device to 
said source of oscillations and another terminal 
fo said load circuit. 
-:0 7. A signal switching device for us in elec- 
trical musical instruments comprising a source 
of electrical oscillations of musical frequencies, 
a load circuit for converting the electrical oscil- 
lations from said source into musical sound vi- 
':5 brations, a keying device having a pair of con- 
ducting members, spacers of resistive materia] 
positioned between said members, a switch con- 
tact leaf held against at least one of said spacers 
of resistive material, a second switch contact 
«:» leaf, contacts supported by said leaves, and con- 
nections for connecting one of said members 
to said source of oscillations and the otheï of 
said members to said load circuit. 
IICHA_I%D H. CAIV£PBELL, J. 
45 GEORGE E. HADDEN. 
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